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B r i e f  flight measuremfita were made of the longftudinal atabl l i tg  
and stalling c k t e r f s t i c s  of the Douglas -*XI (BuAero. No. 37974) 
research airplane, L0ngftudinal"Stabilitg measurements were made with 
a t a ~ ~ z e r   e e t t m  of 1.3* and 3.4O lea- edge UP. A Etable 
variation of elevator position f o r  trim with Mach mnnber wa8 obtained 
throughout the Mach number range tested with either s tab i l izer   ee t t lng ,  
No abrupt  longftudinetl t r im  changes occurred up to the highest W h  
numbers reached: 0.76 Kith the l.3O s t ab i l i ze r  se t t ing  and 0.87 with 
the 3.h0 s t ab i l i ze r  s e t t i n g .  In the clean condition, the airplane 
tended t o  nose up near the st-; this nosing up indicated longl- 
tudinal instabi l i ty .  The noeing-up tendency could be cantrolled w i t h  
the elevator. Ih the landing condition the arrplane was longltuclinallg 
etable up t o  the stall. A t  the stall the data indicate that the airplane 
became longitudinally unstable. This i n s t ab i l f ty  w88 not noticed by the 
pilot  probably because of the yawing and rolling motions which also 
occurred at the stall. 

The NACA is engaged in a flight-reeearch program u t i l i z i n g  the 
Douglas w58-n (BuAero. Bo. 379'74) reeearch airplane. The 
D-558-II airplanes we= dee iped   fo r  flight. research i n  the traneonic 
speed range and ware procured for the NACA by the Bureau 6r  Aeronautics 
of the N a v y  Department. This paper presents some results obtained on 
the s t a t i c  longitudinal e t a b i l i t y  and stalling oharacteriatice of the 
airplane during the first two EACA flights, Some measurements of the 
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dyna,utic la te ra l   s tab i l i ty   . charac te r i s t ics  of the  airplane, a l a 0  obtained 
during the first two NACA flights, are reported i n  reference 1. 

The Douglas -?%TI airplanes have sueptback wing and tail surfaces 
and were designed f o r  ccmibination turbojet  and rocket power. The a€> 
plane being  used in the  present  investi&Aon (BuAero. No. 37974) does 
not yet have the rocket  engine ins ta l led .  This airplane l e  powered 
solely by a J-3-0 turbojet  engine which exhausts out of the bottom 
of the fuselage between the wing and the tail. TKO jato8 are ueed t o  
provide additional thrust for take-off. Both slats and etall-control 
vanes are incorporated on the  wing of the airj?lane. The wing slats can 
be locked in the  closed  positIan or they  can be  unlocked. When the 
slats are unlocked, the slat position is a Rmction of the angle of 
a t tack of the airplane. The afrplane is equipped with an adjustable 
s t ab i l i ze r . .  Dive bmkes are located on the rear portion of the fuselage. 
N o  aerodynamic-balance or control-force  booster  system is used on any 
of the control  surfaces.  Hgdraulic dampers are instal led on all controi 
surfaces t o  aid i n  prevent- any contro1”lsurface f lu t t e r .  Photographs . 

of the airplane are sham i n  figme8 1 and 2 and a three-view drawfng 
is  ahown in figure 3.  Pertinent airplane UmeaeLong and character is t ics  
are listed In table  I. 

.. 

Standard W C A  recording illlrtrumente were..installed in  the airplane 
t o  measure the following quantities: 

Airspeed 
Altitude 
Elevator and ai leron wheel force 
Normal, longitudinal, trazlEiverse accelerations 
Rolling, pitching, yawiw veloci t ies  
Rudder-pedal force 
Sideslip angle . .” . . 

Stabi l izer ,  elevator, rudder, right-aileron  position 

. .  

. . . .  .. 

Strain gages were. installed in   t he   a i rp l ane   t o  meamre . w i n g  and 
’ t a i l  aerodynamic loads and t w i s t  and bending deflections of the  right 

win@: -1. . a  

Since high Mach nwabers were not  expected i n  the early f l ighte ,  a 
low-speeddy-pe free-wiveling  airspeed head was used t o  measure both 

b 



s t a t i c  and j m m t  pressures. This airspeed head waa mounted on a born 
approxbmtely 8 fee t  forward of the n o m  of the airplane. ' A vane, which 
wa8 used t o  measwe s ides l ip  angle was mounted below the  same boom 
approximately 6 f e e t  forward of the nose of the  airplane. (See f ig .  1.) 

This paper presents ~ o m e  result8 obtained on the   s t a t i c  longitudinal 
s t a b i l i t y  and s ta l l ing   charac te r ie t ics  of the airplane during the first 
two RACA flights.  The airspeeds, altitudes, and Mach numbers presented 
in this paper have not  been corrected  for the posit ion error of the  
airspeed head or any errar  inherent  in the airspeed head itself. 

Figure 4 show8 the var ia t ion of elevator angle, elevator  force, and 
pressure a l t i tude .  with Mach n&er during two dives which were made with 
different   s tabi l izer   set t ings.  The stabil izer settings given in  
figure 4 a re  msmured with respect t o  the fuselage reference  line. For 
the dive with a s t ab i l i ze r  setting of 3.k0,  leading edge up,-the wiw 
slats w e r e  unlocked. Therefore, the slat -position  probably varied 
during the dive, with the slat being open a greater amount at law E'lach 
numbers than at high Mach numbers. For the dive with a s t ab i l i ze r  
setting Qf 1.3O, 1e.a- edge up, the slats w e r e  locked i n  the  closed 
position. When the   s tab i l izer  setting waa 3.h0,  leading edge up, 
increasing pull force's on th8 elevator control -were required for trim 
ae the Mach number W&E increased. b e v e r ,   t h e   i n c r e a s e  in pull force 
required for trim does  not  indicate  stick-free  instability a8 the 
elevator wheel force was not trimmed t o  zero at any point in the Mach 
number range covered. With a s t a b i l i z e r  settfng of 1.3O, leading edge 

The variat ion of elevator  position with Uach nmiber  was'highly s table  
throughout the Mach number range tes ted  with either s tabi l izer  set t ing.  
The differences in the slopes of' the  curves of elevator  position 
against Mach number fo r  the different   s tabi l fzer   set t inga are probably 
due t o  the differences in slat position and t o  the  differ_ences in 
dis tor t ion of the  horizontal   s tabi l izer  and elevator. Bo ab rup t  longi- 
tudinal trim change8 occurred with e i the r   s t ab i l i ze r   s e t t i ng  up to the 
highest Mach &ere rea;ched: 0~76 with a l.3O s t a b i l i z e r  s e t t i ng  and 
0.87 with the 3.4O s tab i l fzer   se t t ing .  Much of the matter i n   t h e  
elevator  force data is due t o  the f r i c t i o n  in the  elevator  control 
system. The normal acceleration  during  the  dives  varied between 0.85g 

UP, a highly  stable variation of elevator  force x i th  speed u&8 obtained. 

and 1.233. 

Flgure 5 shows a time history of an approach t o  a stall in   the   c lean  
condition. A s  aham on the normal-acceleration curve, a li&t buffeting 
first oscurred at a n  indicated airspeed of approximately 165 miles per 
ham. The buffeting  increased in  i n t e m i t y  REI "the airspeed decreaeed. 
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The p i lo t  noted a tendency for the airplane t o  nom up near the s t a l l .  
This nosing-up tendency, indicating  longitudinal  inetabil i ty,  is aleo 
shown i n  figure 5 between times 17 and 19 seconds where the  elevator 
angle is decreasing  but the pitching  velocity is positive and the 
scceleration is increasing. The maximum lif't of the airplane was 
probably  not  reached dMng the ruzl because when the  airplane tended t o  
11088 up the pilot reduced the angle of attack. 

The nmx3m.m value of lift coefficient reached wae 1.07 at time 
19 aeconda. The pi lo t  w&s required to w e  the  ailerons almost contfn- 
uazely d u r i n g  the because of a tendency for the airplane t o  
o sc i l l a t e  i n  yaw and roll. The lateral oecil latory  characterist ics of 
t he  airplane are discuesed in reference I. 

A time  history of a stall in the Mng condition is shown in 
figure 6 .  Light buffet- started at. about 135 miles per hour and 
increased in  intemity somewhat as the  stall 1413s approached. The 10" 
tud ina l   s tab i l i ty  of the airplane in  the landing condition was po8itive 
up t o  the stall. A t  the  stall the data indfcate that the airplane 
became longitudinally  unstable, as s h m  in figure 6 ,  between 34 and 
38 seconds. In t h i e  tFzns in te rva l   the   p i lo t  moved the  elevator from 20' 
up t o  loo dam, but  the nOrmal acceleration m i n e d  practically  constant 
and the  pitching-velocity c m e  showed a sUght nose up. The ins tab i l i ty  
wae not noticed by the pilot probably became of the yaxing and ro l l ing  
motions which also occurred at the e t a l l .  The ma~clmum d u e  of lift 
coefficient  reached was 1.43 at time 35 secondEl. 

" 

Brief flight meaaurelnsnts were made of the  longi tudinal   s tabi l i ty  
and e td l lng   cha rac t e r i s t i c s  of the  -58-11 (BuAero. No. 37974) 
remarch airplane. A stable variation of elevator posi t ion  for  trim 
with Mach number waa obtained throughout the  Piach number range tested 
w i t h  s tab i l izer  settings of either 1.3O leading edge up o r  3 .bo leading 
edge up. No abrupt  longitudinal trim changes occurred IQ t o   t h e  highest 
Mach nmibers reached: 0.76 with the 1.3' s tab i l izer  setting and 
0.87 with the 3 . 4 O  a tab i l izer  setting. In the  clean  conditi&,  the ai+ 
plane  tended t o  nose up near the stall; t h i s  nOf3ing up indicated 
longitudinal  instabil i ty.  The nosingup tendency  could be controlled 
v i t h  the elevator. In the landing condition the airplane nfl l o x i -  
tudlndly stable up t o  the stall. A t  the  stall the data indicate that 



the  amlane became longitudinally unstable. This i n s t ab i l i t y  was not 
noticed by the   pi lot   pobablg because of the yawing and rolling &iom 
which also occurred at the stall. 

-ey Aeronautical  Laboratory 
Neitional A d v i s o r y  Cormnittee For Aeronautics 

Langley A i r  Force Base, Va. 

1. SJoberg, Sigurd A.: Prellminaq Meaeurements of the  Dynamic Lateral 
S t ab i l i t y  Characterietics of the Doughs -58-n (BuAero. 
No. 37974) Airplane. NACA RE4 ~9~18, 1949 
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Wing : 
Root a i r fo i l   sec t ion  (normal t o  0.30 chord) . . 
Tip a i r f o i l  section (normal t o  0.30 chord) . . 
Total  area. sq it . . . . . . . . . . . . . . .  
span. f% . . . . . . . . . . . . . . . . . . .  
Mean aeroaynamic chord. in . . . . . . . . . . .  
Root chord (parallel t o  plane of symmstry). i n  . 
Tip  chord (parallel t o  p b e  of symmstry) . in . 
Taper r a t i o  . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . .  - . .  
Sweep at 0.30 chord. deg 

" . . . . . . . . . . .  
Incidence at fuselage center  line. deg . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . .  
Geormetric t w i s t .  deg . . . . . . . . . . . . .  
Total. ai leron &rea (a f t  of -hinge). Bq ft . . .  
Total  f lap &re&. eq ft . . . . . . . . . . . .  
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. . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  
Horizontal tail: 

Root airfoil section (normal t o  0.30 chord) 
Tip a i r fo i l   sec t ion  (normal t o  0.30 chord) 
Area (including fuselage). sq ~t . . . . .  
SpaIl.in . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. in . . . . . . . . .  
Root chord (parallel   to '  plane of symmetry) 
T i p  chord (praLle1 t o  plane of symmetry) . 
T a p r  r a t i o  . . . . . . . . . . . . . . . . .  
Aapect r a t i o  . . . . . . . . . . . . . . . .  
Sweep at 0.30 chord line. deg . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . .  
Elevator area. sq.rt . . . . . . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

NACA 63410 
NACA 63412 . . 175.0 . .  25. 0 . . 87.301 . . 108.508 . . 61.180 . . 0.565 . . 3.570 . .  35-0 

* .  3 - 0  
* .  -3. 0 . .  0 . .  9.8 . . 12.58 

NACA 63-010 
HACA 63-010 . .  3999 . .  71.8 . 41.75 < . .  53-6 . . . . . . .  . .  26.8 . .  0.50 . .  3*59 . .  40.0 . .  0 . .  3078 

1 

Vertical tail: 
Airfoil   section (parallel t o  fuselage center line) . . NACA 63-010 
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . .  36.6 
Height fram fueelage center  line. i n  . . . . . . . . . . . .  98.0 
Root chord ( p r a l l e l  to fusehge center  l ine).  in . . . . .  146.0 
Tip  chord (pa;rallel t o  fueelage center llne). fn . . . . . .  44.0 
§weep angle at 0.30 chord. deg . . . . . . . . . . . . . .  49.0 
Rudder area (art of hlnge l ine) .  eq ft . . . . . . . . . .  6.15 

. "d$C*." 
c 
. .  

L 
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Fuselage : 
~ n g t h , f t ; .  . . . . . . . . . . . . . . . . . . . . . . . .  42.0 
~aximum aameter, in. . . . . . . . . . . . . . . . . - . . 60.0 
Fineness r a t i o  . . . . . : . . . . . . . . . . . . . . . . 8.40 
Speed-retarder area, sq ft . . . . . . - . . . . . . . . . 5 025 

J-3 h 4 L W I - O  
P m r p l a s t . . . . .  . . . . . . . . . . . . . .  2 jatos f o r  t-off 

Airplane Wight (f” fuel), lb . . . . . . . . . . . . . . . . 10,554 
Afrplane weight (no fuel), lb . . . . . . . . . . . . . . . . . 8,994 
A i r p l a n e  weight (f” Fuel and 2 Jatos)  , lb . . . . . . . . . . 10,969 

Centerc-of-graxity locations: 
Full fuel (gear dam), percent man aerodynamic chord . . . 23.4 
Full fuel  (gear up), percent man aerodynamic chord . . . . . 23-9 
No fuel (gear dam), percent man aero-c chord . . . . 24.6 
No fue l  (gear up), percent mean aerodynamic chord . . a . 25.2 

mean aero-c chord . . , . . . . . . ; . . . . . . . 26.9 
Full fl ld a d  2 j S t O 6  (@a?? down), prC8G 





e I 1 

Figure 1.- B o n t  view of Douglas D-?$-II (BuAero. No. 37974) research amlane. - 





c 1 

Figure 2.- Threequar te r  rear  view o f  (BuAero. No. 37974) research a m .  

. . . . . . . . 
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Figure 3 .- Thre+view drawing of D0ugl.m IrgSII (BuAero. No 37974) . I  I 

research a". I 
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.2 R .6 .8 10 
Mach number 

Figure 4.- Static longi tudinal   s tabi l i ty   character is t ic8 of the 
Douglas IL558-11 (BuAero. No. 3797'4) remarch airplane w i t h  two . 
different s t a b i l i z e r  settings. Flap8 up; gear up; m i l i t a r y  parer, 
engine of 12,500 rp; center of gravity at 24.9 percent mean 
aerodynamic chord. 
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